Tuberculosis in pigs causes high economic losses farmers from all over the world. The most consequential causative agents of tuberculosis in pigs at present are members of Mycobacterium tuberculosis (MTC) and M. avium (MAC) complexes. The losses are above all caused by restriction of animal transport from infected farms (with the exception of slaughterhouses), culling of animals positive during the tuberculin testing and the price of meat and organs from slaughtered infected animals (Alfredsen and Skjerve 1993; Dey and Parham, 1993; Morita et al., 1994; Balian et. al., 1997; Cvetnic et al., 1998; 
.
Tuberculous lesions in lymph nodes (ln) and parenchymatous organs from animals (above all birds, pigs and cattle) are caused by M. avium subsp. avium (MAA) of serotypes 1, 2 and 3 and of genotype dnaJ+, IS901+ and IS1245+. The main sources of the causative agent of avian tuberculosis are infected domestic and wild birds and small rodents (Pavlik et al., 2000; Fischer et al., 2001; Mijs et al., 2002; Matlova et al., 2003; Bartos et al., 2006; Dvorska et al., 2007) .
The most common causative agent found in tuberculous lesions from mesenteric, submandibular and occasionally inguinal ln of animals is M. a. hominissuis (MAH) of serotypes 4-6, 8-11 and 21 and of genotype dnaJ+, IS901-and IS1245+ (Leinemann et al., 1993; Morita et al., 1994; Nishimori et al., 1995; Balian et al., 1997; Ritacco et al., 1998; Dvorska et al., 1999 Dvorska et al., , 2003 Pavlik et al., 2000 Pavlik et al., , 2003 Ramasoota et al., 2001; Mijs et al., 2002) . The sources of MAH, the causative agent of avian mycobacteriosis, are mostly various components of the life environment: water, soil, bedding, dust and invertebrates (Horvathova et al., 1997; Kazda, 2000; Pavlik et al., 2000; Fischer et al., 2001; Matlova et al., 2003; Trckova et al., 2004 Trckova et al., , 2005 Trckova et al., , 2006a Skoric et al., 2007) .
However, other species of conditionally pathogenic mycobacteria (CPM) also known as atypical or opportunistic mycobacteria: M. fortuitum, M. gordonae, M. terrae, M. chelonae, M. smegmatis, M. phlei and M. scrofulaceum may participate in the formation of tuberculous lesions in domestic and wild pigs (Wayne and Kubica, 1986; Horvathova et al., 1997; Kazda, 2000; Fischer et al., 2001; Matlova et al., 2003; Pavlik et al., 2003; Trcka et al., 2006) . Besides mycobacteria, tuberculoid lesions may be also caused by other microorganisms present in soil, such as Rhodococcus equi (Dvorska et al., 1999; Pavlik et al., 2003; Shitaye et al., 2006) .
Intradermal tuberculin test with avian and bovine tuberculin is performed with the aim of intravital diagnosis of tuberculosis in cattle and pigs in the Czech Republic Pavlik, 2006) . Since June 1, 1993, in association of the Czech Republic with the European Union, 0.2 ml doses (14 000 TU/ml) of bovine and avian tuberculin were used for skin testing of animals in the Czech Republic. Previously, diluted avian tuberculin with the concentration of 800 TU/ml had been used in pigs in the Czech Republic to reduce the numbers of non-specific reactions . After the introduction of tuberculin testing with a higher TU concentration, the numbers of positive pigs in avian tuberculin tests increased (unpublished data).
Mycobacteria either occur the activities of people as a natural constituent of the ecosystem or are spread to the environment (Masaki et al., 1982; Pavlik et al., 2000) . Various mycobacterial species are capable of long-term survival in the external environment where they may propagate in favourable conditions (Kazda, 2000; Matlova et al., 2003) .
One of the most commonly notified CPM sources for domestic pigs is drinking water for animals . Water may not only become a transport medium, but also the main reservoir to a majority of CPM species. Water plays a key role in the circulation of mycobacteria in the external environment (Horvathova et al., 1997) . Water from reservoir tanks, which usually serves for watering pigs, may be contaminated with CPM due to the fact that mycobacteria tolerate wide pH and temperature ranges and various chlorine concentrations (Pelletier et al., 1988; Falkinham, 2003) . Accordingly, it is recommended to use pressurized water systems without necessary expansion vessels for watering animals because mycobacteria may propagate in sediments and biofilms Matlova et al., 2003) . In farms, where the gravity flow system, including expansion vessels located in stables, is used for water distribution to drinkers, CPM was isolated from the sediment present in these vessels and the biofilm from pipelines .
Contaminated bedding, particularly straw, sawdust, wood shavings, paper cut to pieces and other materials made of wood may be significant CPM sources for pigs (Kazda, 2000; Pavlik et al., 2003; Matlova et al., 2004b; Trckova et al., 2004) . Another significant source of CPM may be contaminated feed and water (Dalchow, 1988; Pavlik et al., 2003; Matlova et al., 2003; Trckova et al., 2006a,b) , peat and kaolin fed as supplements Trckova et al., 2004 Trckova et al., , 2005 Trckova et al., , 2006a and soil in pens (Horvathova et al., 1997; Matlova et al., 2003) . Mycobacteria may spread through various invertebrate species: earthworms (Fischer et al., 2003a) , dipterous insects (Fischer et al., 2001 (Fischer et al., , 2004a (Fischer et al., ,b, 2005 (Fischer et al., , 2006 Machackova et al., 2004) , cockroaches (Fischer et al., 2003a) , beetles (Fischer et al., 2003b (Fischer et al., , 2004b and other invertebrates (Kazda, 2000) .
The purpose of the present study was to elucidate the reliability of intravital and post mortem diagnosis of tuberculosis in pigs in a breeding herd affected by mycobacterial infection between 1997 and 2003, to investigate sources of mycobacterial infections and to assess effectiveness of preventive measures adopted in the second period of the study between 2002 and 2003.
MATERIAL AND METHODS

Anamnestic data
Average yearly populations of 90 to 95 sows and boars were kept in the stock breeding herd of Large White pigs during screening between 1997 and 2003. According to the statistical data obtained from the responsible District Veterinary Administration, recorded during the 5 years (1992 to 1996) preceding the present investigation period, no tuberculous/tuberculoid lesions were detected in ln or parenchymatous organs from these animals. Dubious reactions to avian tuberculin Avitubal (28 000 TU/ml, Bioveta, Ivanovice na Hane, Czech Republic) were occasionally (in one to three animals) repeatedly observed in the herd between 1992 and 1997. More detailed examinations were performed after the detection of a positive reaction to avian tuberculin in two animals in 1997.
Periods of examination
The examinations in the herd were divided into two periods.
Period A, between 1997 and 2001. Preventive measures were not consistently put into effect to prevent CPM occurrence.
Period B, between 2002 and 2003. The following preventive measures were put into effect:
(i) Introduction of good quality dry straw as bedding for all age categories of pigs.
(ii) Consistent implementation of regular mechanical cleaning by means of hot steam (at least every second month) followed by disinfection, rodents extinction and disinfestations.
(iii) Measures adopted were directed against free living bird access to the herd.
Intravital diagnosis
Tuberculin testing. Tuberculin testing using avian tuberculin was used for the examination of all breeding animals between 1997 and 2003. Each animal was examined 12 times altogether. A total of 1 113 tuberculin tests were performed: 931 and 182 pigs were examined in Period A and Period B, respectively. Avian tuberculin Avitubal prepared from MAA strain (D 4 ER) was used in a dose of 0.2 ml according to the manufacturer's instructions . The tuberculin test was performed by intradermal injection of 0.2 ml of Avitubal administered dorsally to auricles at the transition site of the head to auricles at approximately 2 to 3 cm from the auricle base. Forty-eight hours later, a reaction site (characteristic inflammatory swelling usually with concurrent erythema, occasionally central necrosis at the site of inoculation) larger than 10 mm was evaluated as positive, smaller than 9 mm as dubious .
Serological testing. Blood was collected from all 76 animals with a positive reaction to avian tuberculin (4 and 72 animals were positive and dubious, respectively) 1 to 3 days after the appearance of the first signs of reaction. After delivery of blood samples to the laboratory, serological examination was conducted using rapid slide agglutination test with antigens made from three MAC members: MAA (serotype 2), MAH (serotype 8) and MI (serotype 19) according to a previously described technique (Pavlas et al., 1993) . Within Periods A and B, 75 and one animal were examined, respectively.
Examination of samples from external environment
During screening between 1998 and 2003, two hundred and five samples from the external environment in the investigated herd of pigs with positive skin reactions were collected. All samples were kept at +6°C in a dark room for up to two weeks before examination. Within Periods A and B, 140 and 65 samples from the external environment were examined, respectively. Samples were assigned into five groups:
Group 1 (44 samples): Straw from the stack with soil and moss, stable loft and pig pens.
Group 2 (24 samples): Drinking water and feed (including a mouse trapped in feed stock).
Group 3 (47 samples): Dust, spider nets and scrapings from the stable equipment.
Group 4 (19 samples): Invertebrates (earthworms collected near the straw stack, insects of order Diptera from the stable and from the farm surrounding).
Group 5 (71 samples): Faeces from the pigs, swallows and swallow nests and marten from the stable loft.
Post mortem diagnosis
Gross pathology. Gross pathology of the head and intestinal ln and parenchymatous organs was performed by a previously described method in all animals with a positive reaction in the tuberculin test after slaughter in the slaughterhouse .
Sample collection for laboratory examinations. Tissue samples for laboratory examinations were collected from the following animals:
(i) Breeder boar (on 17 th March, 1997, positive reaction with avian tuberculin and with antigen MAA during serological examination by agglutination test): 17 tissue samples were taken for laboratory analysis after slaughter: one submandibular ln, six mesenteric ln, one gastric ln, two samples of small intestine mucosa, three pulmonary ln, one sample of each of pulmonary, tonsil and spleen tissues.
(ii) The remaining animals with positive reactions to avian tuberculin; samples of submandibular and mesenteric ln were examined by culture.
(iii) Nine animals with repeated dubious reactions to avian tuberculin with detected antibodies to MAH (seven animals: six sows and one boar) and to MI (two sows); samples of submandibular and mesenteric ln were examined by culture (Table 3) .
Sample storage and gross examination. After collection, tissue samples from pigs were frozen and kept at -18°C for up to three weeks before examination. The tissue samples were rapidly thawed at 37°C and examined for the presence, number and size of tuberculous lesions.
Bacteriological examination of tissues and environmental samples for the presence of mycobacteria
Microscopy of imprints of tissue samples and environmental samples. Before culture, slides with imprints of tissue samples were stained according to Ziehl-Neelsen (Z-N) and examined by light microscopy for the presence of acid-fast rods (AFR). At least 200 fields of view were examined in each sample.
Culture examination. Approximately 1 g of tissue or an external environmental sample was homogenised and decontaminated according to the method described previously by Fischer et al. (2001) . A total of 40 µl of suspensions was dispensed into two solid egg based agar media according to Stonebrink, two solid egg yolk agars according to Herrold and two liquid serum media according to Sula. Incubations were performed in parallel, with one agar type at 24°C and 37°C each time. Mycobacterial growth was checked after the first week and then every second week for two months .
Identification of mycobacterial isolates. All the AFR positive isolates were examined by the PCR method for the detection of dnaJ gene, specific for genus Mycobacterium using primers 5'-GGG TGA CGC GAC ATG GCC CA-3' and 5'-CGG GTT TCG TCG TAC TCC TT-3 (Nagai et al., 1990) . IS901 detection primers 5'-GCA ACG GTT GTT GCT TGA AA-3' and 5'-TGA TAC GGC CGG AAT CGC GT-3' (Kunze et al., 1991 (Kunze et al., , 1992 ) and IS1245 detection primers 5'-GCC GCC GAA ACG ATC TAC-3' and 5'-AGG TGG CGT CGA GGA AGA-3' were used (Guerrero et al., 1995) . In all PCR examinations, internal standards were used . All MAC isolates were serotyped according to the described system (Wolinsky and Schaefer, 1973) which was later modified (Sussland and Hrdinova, 1976) . Mycobacterial isolates that were not classified as MAC were assessed by biochemical methods (Wayne and Kubica, 1986) .
Statistical analysis of results
The χ 2 -test (Stat Plus) was applied to the statistical evaluation of results (Matouskova et al., 1992) .
RESULTS
Examination results of the first animal with a positive reaction in intravital tests
After slaughter of a breeding boar with a positive reaction in the avian tuberculin test with detected serum antibodies against MAA antigen, only adenopathies (thickened trabeculae and extravasation) of mesenteric ln were observed. AFR were detected by microscopy after Z-N staining in mesenteric and pulmonary ln. Mycobacteria were isolated by culture from 4 (23.5%) of 17 samples: MAH was 
Results of avian tuberculin test
From 1 113 tuberculin tests performed between 1997 and 2003 in both Periods A and B, 76 (6.8%) reactions were detected: 4 (0.4%) were positive and 72 (6.4%) dubious. Prevalence of positive or dubious reactions to avian tuberculin in respective testing periods ranged between 2 (2.2%) to 18 (19.6%). Significantly more (P < 0.01) reactions (72; 7.7%) were recorded during Period A in comparison with Period B (4; 2.2%; Table 1 ).
Results of serological examination with antigens of MAC members
Among 76 sows and boars with reaction to avian tuberculin, antibodies to MAA, MAH and MI were detected in 3 (4.0%), 18 (23.7%) and 9 (11.8%) animals, respectively, using the agglutination test in both Periods A and B. Differences between the frequency of detection of antibodies to MAA in four animals with a positive reaction (50.0%) and in 72 (1.4%) animals with a dubious reaction were significant (P < 0.01). In animals with a dubious reaction, in Period A, differences in the frequency of detection of MAH antibodies in 54 animals with one reaction (18.5%) and in 15 animals with repeated reactions (46.7%) were significant at P < 0.05 (Table 2 ).
Repeated reactions of tuberculin skin tests and serological examination with MAC antigens
In both Periods A and B, tuberculin skin test reactions repeated two to four times were noted by separate observations of 17 pigs (15 sows and two boars). Antibodies to MAA were detected in none of the animals, antibodies to MAH and MI were found in eight (47.1%) and two animals (11.8%), respectively. Tuberculous lesions in ln or parenchymatous organs were not observed in any of these 10 pigs with reactions to MAH and MI antigens. Culture examination of intestinal and head ln for mycobacteria was likewise negative in all animals ( Table 3) .
Examination of samples from the external environment
In both Periods A and B between 1997and 2003, mycobacteria were detected in 33 (16.1%) of the 205 samples from the external environment. In Period A, mycobacterial isolates from the external environment (21.4%) were significantly (P < 0.01) more frequently detected than in Period B, where only 4.6% positivity was found (Table 4) .
Percentages of detected mycobacteria in groups 1 to 4 were decreased in Period B in comparison with Period A. Groups 2 and 4 were reduced to 0%, Group 1 was reduced from 25.0% to 6.3% and Group 3 was reduced from 33.3% to 7.1%. Increased percentages of detected mycobacteria (from 8.3% to 14.3%) were only found in Group 5 (animal faeces; Table 4 ).
By the PCR and serotyping methods, 13 (39.4%) isolates were identified as MAH serotypes 4 (n = 1), 8 (n = 6) and 9 (n = 1) and genotype dnaJ+, IS901-and IS1245+. Biochemically, 8 (24.2%) isolates were identified as M. fortuitum and one isolate (3.0%) of each of M. nonchromogenicum, M. abscessus and M. scrofulaceum was detected. The remaining 9 (27.4%) slowly growing isolates were not MAC members after the PCR examination and they could not be identified biochemically (Table 4) .
DISCUSSION
Due to a positive result during skin testing with avian tuberculin on 17 th March, 1997 and serological detection of antibodies to MAA by the agglutination method, the breeding boar was slaughtered. However, subsequent laboratory examination of 17 tissue samples did not reveal MAA, but only CPM (two MAH isolates and two isolates that were not MAC members by the IS901 and IS1245 PCR method and could not be identified biochemically). Due to the fact that a positive reaction was detected in another animal in the same year (27 th October, 1997), an external environment examination was (Table 1) . Despite the fact that all animals giving a reaction to avian tuberculin with subsequent detection of antibodies to MAC members have been consistently culled, reactions to skin tuberculin testing could be still found and even repeatedly in some pigs ( Table 2 ). The original assumption that the pig farm environment was highly contaminated with MAC and CPM members was confirmed by culture examination of samples from the surrounding (Table 4) . MAH and CPM likely participated as strong allergens in allergological and also serological reactions. Similar complications during avian tuberculosis diagnosing with avian tuberculin were recorded previously (Pearson et al., 1977; Monaghan et al., 1994; Kazda, 2000) .
Despite the fact that the causative agent of avian tuberculosis was not detected in either the organs from pigs nor in samples from the external environment (Table 4) , reactions to avian tuberculin and antibodies to MAA were repeatedly found in the examined pigs (Tables 1, 2 and 3) . From the results obtained by culture examination of ln and organs of the breeding boar it was found that the MAH and CPM were likely transmitted to the boar organism through both oral (isolation from mesenteric ln) and aerogenic routes (isolation from pulmonary ln). Based on the above mentioned results, it is also evident that mycobacteria might have circulated in the blood (isolation from livers and spleen) and thus elicited positive responses, both allergological and serological (Tables 1 and 2) . MAH and CPM occurrence in the external environment of many European countries has been described (Kazda, 2000; Matlova et al., 2003) . This was also confirmed by the results of our investigation; we detected CPM in various constituents of the external environment (straw, scrapings from the floors in pens, invertebrates, faeces from birds, mammals etc.). Proper mechanical cleaning with subsequent disinfection, disinfestation and extinction of small terrestrial mammals could reduce adverse effects of MAH and CPM. Those were not consistently performed before 2002-2003; however, in these years, occurrence of MAH and CPM and subsequent allergological reactions at avian tuberculin testing consequently decreased (Table 4) .
Straw stored under moist conditions is usually contaminated with MAC members. CPM propagation mostly occurs during the summer months at ambient temperatures of above 18°C (Kazda, 2000) . Matlova et al. (2003) detected that 40.0% of straw may be contaminated with MAH and CPM if stored under adverse conditions. The source of CPM may be soil and dust contaminating straw where MAH, MI and CPM are usually present (Windsor et al., 1984; Gardner and Hird, 1989; Horvathova et al., 1997; Pavlik et al., 2000; Kazda, 2000) .
CPM sources for animals may also be insects and other invertebrates, as we found in Period A (Table 4) and as also described by some other authors (Fotedar and Banerjee, 1992; Matlova et al., 1998) . Insect nets have been installed in the windows of stables in the investigated herd at the beginning of Period B in 2002. However, their efficiency was low because imagos were developed directly in the stables, i.e. in the environment containing pig faeces, feed leftovers and other biological materials (Fischer et al., 2001) .
Water is the primary reservoir of MAH and most CPM species. It is above all surface water that plays a key role in the circulation of mycobacteria in the external environment (Engel et al., 1977; Kazda, 2000) . Pelletier et al. (1988) noted that water from reservoirs usually used for watering pigs may be contaminated with low amounts of CPM. Matlova et al. (2003) investigated watering systems in pig farms. Study mostly focused on the expansion vessels in gravity flow systems. They isolated CPM from the sediment present in these vessels and from biofilm covering the surface of the conduit. Conditions favourable for mycobacteria propagation (increased water temperature) exist even in a conduit system made from synthetic material, placed in a stable loft . No expansion vessels were used on the investigated farm and water was piped to the stable through a metal pipeline from the own source situated above the hall. This system was convenient from an aspect of low risk of contamination of drinking water with mycobacteria, as shown by the fact that this type of contamination has never been detected there (Table 4) .
According to Dalchow (1988) and Matlova et al. (2003) feed mixtures are not the primary sources of infection; this was confirmed on the farm investigated in the present study (Table 4) . Matlova et al. (2003) noted that liquid feeds represent the main risk due to the fact that CPM contaminated water is used for their preparation. However, dried feeds were used on this farm and no CPM have been detected there during the entire study. However, small terrestrial mammals also represent a risk of CPM spread because they may be CPM sources in the feed stocks. In the present study, M. fortuitum was isolated from one house mouse trapped in the mixed feed stock (Table 4) .
Due to the fact, that diptera are present in stables during whole-year (our own non-published observation), regular desinsection was recommended in the stables, not only in the summer months (from May to September) when diptera are found outside the stables in the Czech Republic (Fischer et al., 2001) . After adoption of preventive measures, not only numbers of animals that reacted to avian tuberculin decreased, but environmental contamination of the MAH and CPM was also reduced and CPM were no more isolated from invertebrates (Table 4) .
CONCLUSIONS
Based on the results obtained in Period A (1997) (1998) (1999) (2000) (2001) , animal hygiene conditions in the herd have gradually improved since the beginning of Period B in 2002 due to a consistent adoption of preventive measures. Reduced exposure of pigs to MAH and CPM and decreased numbers of animals with reactions to avian tuberculin was a result. High frequency of non-specific skin reactions to avian tuberculin without a subsequent finding of tuberculous lesions in animals after slaughter was likely caused by MAH and CPM, repeatedly detected by culture of samples from the farm environment.
MAH and CPM were present in some constituents of the environment despite the adopted measures; these may complicate diagnosis of tuberculosis by skin testing with avian tuberculin in the future. Accordingly, the risk of CPM occurrence in the external environment should be kept in mind when complex preventive measures are proposed.
